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ABSTRACT: Genomic clones containing the human Zn-crz-glycoprotein gene were isolated. Two of them 
were for the functional gene overlapped, and the other four were for two different pseudogenes (1 and 2) 
retaining exon-intron organization. The complete DNA sequence of the functional gene (9.3 kb) and its 
5’- and 3’-flanking regions (5.3 and 0.1 kb, respectively) was determined. The gene is composed of four 
exons; the first exon is for the 5’-untranslated region, the signal sequence, and the first six amino acids; 
the second, for domain A; the third, for domain B; and the fourth, for domain C and the 3’-untranslated 
region. The 5’-flanking region contains a TATA box, a CAT box, an octamer sequence, and three possible 
Spl-binding sites. Ten and three copies of A h  repetitive DNA were identified within the gene and the 
5’-flanking region, respectively, and they occupy 30% of the gene. The nucleotide sequences around the 
exons of pseudogene 1 were also determined; they had high homology (90-91s) with the corresponding 
region of the functional gene. Southern blot analysis suggested that there are only three genes, including 
nonfunctional ones, for Zn-cr2-glycoprotein in humans. The gene (ZA2G) was mapped to human chromosome 
band 7q22.1 by fluorescence in situ hybridization. 

Zn-cu2-glycoprotein is a glycoprotein found in human blood 
plasma. It has a molecular weight of 38 000-41 000 (Biirgi 
& Schmid, 1961) and contains approximately 12% carbo- 
hydrates (Ohkubo et al., 1988). Its physiological function is 
not yet known. 

We and others found that the protein is present not only 
in blood plasma but also in various secretions such as saliva, 
sweat, and seminal plasma (Poortmans & Schmid, 1968; 
Frenette et al., 1987; Ohkubo et al., 1990). We prepared a 
specific antibody against the protein purified from blood 
plasma and determined the concentration of this protein to 
be 6.7 mg/dL in blood plasma and 39.6 mg/dL in seminal 
plasma (Ohkubo et al., 1990). We also examined the 
distribution of this protein among human tissues immuno- 
histochemically and detected signals in many exocrine glands 
such as pancreas, prostate, and salivary, mammary, and sweat 
glands, besides in hepatocytes (Tada et al., 1991). These 
data suggest that the protein in blood plasma is synthesized 
in liver and that the one in seminal plasma is not derived from 
blood but is produced in the prostate gland to be secreted. We 
therefore purified this protein from human seminal plasma 
and compared it with the one purified from human blood 
plasma. The protein in seminal plasma had two unique 
features: its amino terminus is not blocked, and it contains 
no carbohydrates (Ohkubo et al., 1990). However, the 
N-terminal amino acid sequence we determined was the same 
as that (the second through the 18th amino acids) of Zn- 
az-glycoprotein in blood plasma, suggesting that there is a 
single gene for Zn-a2-glycoprotein in humans and that 
posttranslational modification is different between the organs. 
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On the basis of these data, we isolated its cDNAs from human 
prostate and liver libraries by using the antibody (Ueyama et 
al., 1991). These cDNAs of different origin were completely 
identical. 

In this study, we have isolated the human gene encoding 
this protein, and here we report the complete nucleotide 
sequence of the gene, including its 5’- and 3’4anking regions, 
and its chromosomal localization. 

MATERIALS AND METHODS 

Materials. DNA restriction endonucleases were purchased 
from Toyobo (Osaka, Japan), from Takara (Kyoto, Japan), 
or from Bethesda Research Laboratories Life Technologies 
Inc. (Gaithersberg, MD). [~y-~~P]dCTPand [y-32P]ATP were 
purchased from Amersham (Amersham, U.K.). The human 
genomic library (EMBL4) was kindly provided by Dr. M. 
Takiguchi at the Institute for Medical Genetics of Kumamoto 
University (Takiguchi et al., 1988). The X phage DNA was 
obtained from Toyobo, cut with HindIII, and used as a size 
marker. 

Screening of Genomic Library. The EMBL4 genomic 
library was grown in Escherichia coli (strain LE392) and 
screened for gene clones for Zn-a2-glycoprotein by the plaque 
hybridization procedure of Benton and Davis (1977). The 
cDNA coding for human Zn-a2-glycoprotein (Ueyama et al., 
199 1) was used as a hybridization probe and was radiolabeled 
to about 1 X lo9 dpm/pg with the random primer labeling 
kit (Takara) and [a-32P]dCTP. 

The hybridization was carried out overnight with radio- 
labeled probe in 6X SSC1 containing 5X Denhardt’s solution 
(0.1% each of Ficoll400, poly(vinylpyrrolidone), and bovine 
serum albumin), 0.1% SDS, 20 pg/mL each of E.  coli DNA 
and RNA, and 50% formamide at 42 OC. The filters were 

* Abbreviations: kb, kilobase pairs; SSC, 0.15 M sodium chloride/ 
0.015 Msodiumcitrate;TBE,9OmMTri~-borate(pH 8.3)/2mM EDTA, 
bp, base pairs; BrdU, bromodeoxyuridine; FITC, fluorescein isothiocy. 
anate; MHC, major histocompatibility complex; HLA, human leukocyte 
antigen. 
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FIGURE 1: Structure of the human Zn-cy2-glycoprotein gene. Boxes indicate exons, which are numbered 1-4; the closed portions are for mature 
protein-coding regions and the open portions are for the signal sequence and untranslated regions. The right-hand set of exons is the functional 
gene, and the left-hand set is a pseudogene (pseudogene 1). ZG3,ZGlO,ZG12, and ZG29 are phage clones for the gene, and the range of 
coverage of their inserts is shown. Vertical bars indicate EcoRI sites. The EcoRI fragments are designated a-h and correspond to those in 
Figure 2. 
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FIGURE 2: Detailed map and sequencing strategy for the human Zn-cuz-glycoprotein gene. The boxes indicate exons. Restriction sites for 
six base-recognizing enzymes are all shown within each of subclones a-h, which correspond to those in Figure 1. Restriction sites for four 
base-recognizing enzymes are shown only when they were used for subcloning: W, AluI; 0, HinfI; 0, MspI; 0, TaqI; V, DdeI; V, HaeIII; 
e, RraI; 0 ,  A d ;  A, A d ;  A, HhaI; *, MboII. The extent and the direction of sequencing by the dideoxy chain termination method are 
shown by arrows; the vertical bars associated with the arrows indicate the starting sites for DNA sequencing. 

washed twice with 6X SSC at 42 OC, twice with 2X SSC 
containing 0.1% SDS at 65 OC, and four times with 0.1 X SSC 
containing 0.1% SDS at 65 OC sequentially for 15 min each. 
Phage clones with positive signals were subjected to further 
screening for purification. The phage DNA was isolated from 
liquid culture and cut with EcoRI. The digested DNA was 
run on an agarose gel (0.7%) and blotted onto a nirocellulose 
filter, which was then hybridized with three different probes: 
the 5‘-region (HinfI, up to the 52nd amino acid), the middle 
region (HinfI-EcoRI, the 53rd through the 126th aminoacids), 

and the 3’-region of the Zn-cY2-glycoprotein cDNA (EcoRI- 
BamHI, from the 127th amino acid to the C-terminus and a 
part of the 3’-untranslated region) (termed N,  M, and C probes, 
respectively). According to the electrophoretic pattern, the 
phages were classified into six groups, qnd one representative 
of each was subjected to further analysis. 

DNA Sequence Analysis. The DNA sequence was deter- 
mined by the dideoxy sequencing method after DNA fragments 
were subcloned into a plasmid vector, pUCll9, with the 
Sequenase sequencing kit purchased from United States 
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CTGCAGTGGT GTTGAGTGT GGGGTGAGGG CACGGGTI'K CTPCTAGCAC CATCCCTCCA GCCAACCTGC CTPCCCACTT TCCCClTUY.3 GGCTOTPCTC 
WTITTCCPC AGCGTCAGGC AGGTGTACCC AGCCATCGGA AGGAGGGAAG GAACAGGAGC AGAAGCAGCT CCAGGCCTGT GGTICCTGCT CCGTCCTGGC 
TcrcCACCCC AAGCAGGTCG CTPXWTITAT GGAGTTITG " I X A C T G T  AAACTAAGGG GTI'ITAGATT CAGATICCTG AAGGTCTTAT T F W X T G A G  
GGCAGAGGCT CCCTGAATGC TCCTGGAAGT GTGTGAGCTG AGGGAGTIGA CAGCC'ITGGA CACCTOTPCC TGCCATATGC CAGGGAATCC CAGCTGCATC 
CAGCCCTrCT CCCAGCCACA TGTCCTGTPC CTCACCTCCT TCCAGTCCTC TCCAGCACCC ATCCCTIYjCT "CCCCACTC ACCATCTCGG GTTCCPGGA pseudo 

GGACAGCAGO ACCCAGAAGC AGCAGCAGAG ACAGCAGGAC AGACACCATT CTTACCATE TOTCTGCTl'G GAAGGTPCTG GGCAGGAGGC ACAGGTATTA Exon 1 
TCCTGGcrrcC TXXGX!CATG CCCAWXGAG GTGAATCTAC AGGCCM'IGG GAGTACCAGG CCGGGCTCCT CCCCTGACAG TAAGAAAGAA GTATGCACAA 
GCCAGGCTGG GCAGAGGlTG TGATCAGTGA GTCTACACAC AGGATATXA AATPCAGAGC TGAGACAGTT GATCTCTGGA CTGAGGATTT GTGTGTGCCT 
GGGGCAGMG GATGCCAG'IC GvIIjGcMjvT GCCT3GGATG 'F3FXCCC'IT CCAGTCTATT ATGACACCCT C'IWXGTCAC 
TpGGGTvmr. TCAGACCACA ClTCATCTCT GCCTPCTGGA MAACTCTCA ACATGTCCAA GACACGGACA TGGGTAGACC CCCGCTGGGG TGGGACCCTC 
AC'KTCCCAC ATCCGATCCT GCCAGAGCTG TCTGGAGGAC ATPCCCATTC CCATCTCTCC CTCTITCCTT TAGGTGCCTG TGGAATCCCA GCcrrCCATG 
ATGGAAGCAG AAATAGCCGC ATCCTCCTIT TGCAGCCTCC CTGGCAATAG AACGAGCAGG TGTGCACAGG GTPTATGCTC AGCAAGTCGA AGCTACTGCC 
TPGWTATCG GVPCAAGTGT TAGGGAMCA AAGAGGAGGG CACA-AC AXETITKT GGTGGTCTTG GCAGGGGTPG CAACTGCCAG CTCCCGGGGC 
AGTGGGGCTG CAGTAGCTGC GGGGGCGTCT ?Y;AGCTPCAG TCCCCCGGGA TGTETAGAT CCCGTGCTGT GGCCTCTGCT GCCCCCTGCT GGCAGCTPCT 
GTATATITAC TGGCCCGGTT GCAGGTGTGA TmTGACTGT TGOGCTCCTC 'EGMTPCTG AGCCTGGGTT CTCCATCCTT TC'WEGATT CTGAGAGCTA 
ACCAATAAAT ACGTlTATIT TCTCCTI?AAG GTAGAACTG CATTACGTIT CCAATAACM ATACTCCTGG CGGATACAGA GATTGGTACA AGGAl'rGTITAT 
CCAGGCAGTA TITACTCAGG GAAATGGAGG GCTGGGAAGC TGAGGTlGGT TACWLXCCA G A T K W X C T  GCGCAGTGAA AACACAAGAG TCTPGGGGWL 
TPCTGGCAGG CCTGGTGTGC AGTGATAACT TCAACAGTTG GCTGAGGTAT CTGTPATGGT AGATTGGXT AGGGACCAGC CCCACAGGGT CGGAGGGTIT 
TICTCCCCGT GTGCAGAGAC GAGAGAGTGT AGMATAAAG ACACAAGACA AAGAGATAAA AGAAAAGACA GCTGGGCCCC GGGGACCACT ACCACCAAGA 
CGTGGAGACC GGTAGTGGCC CCGAATGTCT GCCTGCGcRi TTATITATl'G GATACAMGC AAMGGGGCA "GAG TGTGAGTCAT CTCCAATGAT 
AGGTAAGvrr ACGPXGTCA TGTGTCCACT GGACAGGGGG CCCTPCCCPG CCTGGCAGCC AAGGCAGAGA GMAGAGGAA GAGAGAGAGA CAGCTPATGC 
CATTATITCT GCTTATCAGA GACTTAGTAC TITCACTAAT 'ITGCTATXT TATCTAAAAG GCAGAGCCAG GTGTACAGGA TGGAACATGA AGGCGGACTA 
GGAGCGTGAC CACniAAGCA CAGCATCACA GGGAGACGGT TAGGCCTCTG GATMCTGCG GGCGGGCCTG ACTGATOTCA GGCCCTCCAC AAGAGGTGGA 
GGAGTAGAGT CTICTCTAAA CTCCCCCAAG GAAACGGAGA CTCCCTITCC CGGTCAGCTA AGTAGCGGGT GTITPCCTIG ACACTGAGGC TACCGCTAGA 
CCACCGTCG CTCGGCAAGG GGCGTCTPCC CAGAACACPG GCG'ITACTGC TAGACCAAGG AGCCCTTCTG GTGGCCCTGT CTGGGCATAA CAGAAGGCTC 
GCACTCTIFT CTJXTGGTCA CTPCTCACTA TGTCCCCTCA GCTCCTATCT C'XTATGGCC T C i G m T  TAGG'ITATGA TTATGCAGCG AAGATPATTA 
TAATATEGA ATAAATTATA ATA- ATTATTATAA TATTATMTA T K G M T A A A  TAMTITGGA AluAACTAAT GATPAATGAT ATEATATAT 
AATCATATCT ATGATCTAGA TCTAGTATAA CTCTETTGT TITATATATATT "TATTATACT GGAACAACTC ATGCCCTCGG TCTCTPGGCT 'PGGCACCTGG 
GATGGCTIljc CGCCCACATC TCCCCCCTIT TTATTAACTA GGATCGCCAT CGCCATCATT GClTGTCGTT GACTPCGGAT TTGlTFKGG ACTCCTKGA 
GGCATCTGCA GGCTAAAAGG AGACAACGTA AGCATACCAA TATTAATAAT GCCAGTGACA ACAATGATCC TCCAAGGGGT TTGATCTATP TAAAGGGATP 
AAGATCAGAT AAl'rGTITATAG TTATGCCTIT AAMATG'SCT GAGCCAGGM CAGTGGATAA ATGAGcTlXT GAATCCTCGA AAATITGCTC TPTAAGTI7T 
GAAATATCCA AG(j'zTAAvpp ATCATCCCAG GCTl'ITAAAT GTC"GAGAC ATFl'TCCCAG CTATvrpGAT ATPTATTATA AGCATAAGGC ATPATGCAAT 
AATCAGAAGT ATICCAATCA CTCTGTAATT GCATACGGTG TITCAAATIT ATATCTCCCA GCCAGATTAC ACTITG(;CGG AGATCATI'AA "IGATTAGC 
TAATmTpGA TCAATITGAG CCTGAGAATT CCAAAGTCTG GAGGAGTITT TCECCATGC TPCAATPCAA CATATIGAAC GGTTII;IIACA GAAlTGTGGA 
TGGCAAcTrC AGCAGTIGCT GCTGTTGCAG TAACCGCAAT TAG'ICePGCA ATGATGGCAA TAAGAGTMA AATAAATCTC TTKTICTPT TGCGGATACC 
TPTAAGAACT TCA"GACTA TGTGAATAGA GGGGGAAGAC TCCCAWAC GATGTAAAGA AACTGGTATC CATACCCCCT CCCTAGCCCT TACCAAGAGA 
GTAC'I"AG TGGGATTAAA AGTAGCATCA ATGCACVFGA ACAGCTTACA GlTATCACAT TCTATAGTIT G"ATl'GGG MFSATAATT ATA'ITPCCAA 
CCAACAGCAT GTAAGGGGGT TPGACATAGC TCCTGATGGG TATCACCCGT TCAGATATGA GGG'TGATGTT GAATGTGGGT G T I T X G T A T  TAGTvIIjAAG 
GAGTIGATTAG GTAGTGTITC ATATCCTTAT TCCTGTCATA GCTGCAGCTA ATmTcATAG "GAGGATGT TC'PGGGGTAA CAAAGGGATG AATCAlTmT 
GGTCTAGGAG GAGTAATGCC TGCATCCATC CATITAAATA GGTAAGGGGA CACCCAlTGT CTCAGCCTGT ATGACTGCCA TCCATCCTCT ACATAATCTA 
ACAAATAATT AAACTCTGAG CATGAGGTAT TlTPXTGGA GCAATCITGC CAATAATGCC CTmTGGAGC CCAATCMTA ACMTACCTG CGGCTAGACT 
TTIjGAGCACA ACGGCCTTAG W A T P A C A  ATTATPCCAT AMA'ITGAAG TCACTATAAA AGGTCCcmT GTAGG'ITPCT TTAACCAAAA GAGAGGCTGG M u  1 
GCACAGTXC TCACACl" AAACCCAGCA CTITGGGAGA CCGAGGCGGG CAGATCACGA GGTCAGWUjT TCAAAACCAG CTPGGCCAAC A T G G m  
CCCTGCCTCA GCTICCTGAG TGCTGGGATT ATAGGCATGT GCCACCACGC GCAGCTMTT CTIVPATITP TICAGTAGAG A C w L o v r m r  ATCATSTIGC Mu 2 
CCAGGCTGGT CTCGAGTACC TGACCTCAAC CTGA"SAT CCAACCACCT CAGCCPCCCA MGX€TGGG AlTACAAGCA TGAVPCACCG CACCCGGGCC 
CCAGTCACTP TAWUTAGCA TG'ITGCTPIC. TATPCGGAGG G T C T C " K c  AAATAGCCCA TCAACAClGA GCGTGCCTGG AAAGACcrcIc. TITICAAATA 
ACTGGCTICG TCTGlWTAAA ACGAGTCTIG l"ATGCAT T A M M T I ' A T  CTPOGCICIOG C-T CACGCCTTTA ATCCCAGCAT V A l u  3 
TCVITCTGTP GCCAGGGAGG CTGCAAAAGG AGGATGCGGC T A T T K T X T  TCCAKATGG AAGGCTGGGA TITCACAGGC ACAGAluGGA AGGAG%AGA 
GATGGGAATG TGACTGTCCT CCAGACACAG CCTCPGGCAG GATCGSATGT GGGAGAG'XA GGGTCCCACC CCAGC'PGGGG TCTACCCAGG TCCATGTCTT 
GGACATGTIG AGAGTITITC TGGAAGGCAG GGATACAGTG TGGTCCAAAA ACACACAAAT GCCCCTACTG GCCCAGGGGT TGTCACAATA GACTGGAAGG 
GTGACACATC CCAGGCGCTP GCCACCCATC ACACGCACCT CCTACCCACT GGCATCCTIT CACCCCAGGC ACACACAAAG CCTCAGWCA GAGATCAACT 
CTGGACTCAG CTCTGluT IT  GCATATCCTG TGTGTAGATT CATICTTCAT AACCTCTGCC CAGCCTAGCT TGTGTATCAT TmrmTITT C T A T P A W  

- AGGAGCCCGT CCTGGCACTC CCATIYjGCCT GTAGATPCAC CTCCCCTGGG CAGGGCCCCA GGACCCAGSA =TCTGT GCCTCCTGCC CAGAACCCTC 
SPl CAT SPl TATA 

+1 
CAAGCAGACA CAATGGTAAG AAFXXGCCT GTCCTGCTGT CTCTGCTGCT GCTPCTGGGT CCTGCTGTCC CCCAGGAGAA CCAAGATGGT GAGTGGGGAA Exon 1 
AGCAAGGGAT GGGlKiCTGGA GAGGACTGGA AGGAGGTSAG GAACAGGACA TGTujcTGGG AGACAGGCTG GATGCAGCTG GGATACCCTG GCATACGGCA 
GGAATGGGTG CCCAAGGCTG TCAACTCCCT CAGCTCACAC ACTICCAGGA GCATPCAGGG AGCCTCTGCG CTGGCCCGAA ATAAGACCTT CAGGAATCTG 
AATCTAAAAC CCCTAGTlTA CAGTtiAAAAC MAGACTCCA AAGACCAAGC GACCTGCTPG GGGTAGACAG TCAGGACGGA GTAGGAACCA TATGCCTGGA 
GCTGCTTCTG CTCCTOTPCC T E C C T C C T I  CCGATGGCTG GGTACACCTG CCTGACGCTG AGGAAAAGAG AGAGCAGCCC CAAGGGGAAA GTGGGAAGGC 
AGGTPXCTG GAGGGA'IGGT GCTAGAAGGA AACCCGTGCC CAAATCCCAC ACTCAGACAC CACTGCAGTG GGTCTGGMG GCGAGTGGCT GGAAGAGMG 
AGAGTXGAG CTCCGGGAGA TCAAGAGTCA CTCCTAGGAT A A W A  GGCTvrrpGT GGCATGAGM TGTGCAGGAT AAAGACATGG AAGCGAATGG 
CTPCTCAGTT GTGTGAGTlT AAMTPCATG ACATITACAA ATTGTCAGAA W T G T l ' A T  A T v l T p v r r A  TATAACAATC ACTITGGAAT G'ITAATCKA 
TPCTGTGCCA AAATCTWLAT TACTCAGGGT TCTCCAGAGA AACAGAACTA ATAGGTGGTA CACATATACA TATATATGTA CGTACACATA CATACATACA 
CTGTATACAC ATGGATACAC ACACACATAG GAAGAGATIT ACATATATGT ATACAAAAGA GAGAGAGAGT AGAGA'ITTAT WAAGAAAT TGACTCACAC 
TATPGGGAGG AGTAACAAGT CCTMATCIT  CAGAGCCGGC CAGCACGCTG GAGACCCAGG GAAGAGTIGA TGTCTTAGTC TIGATPCCAA GGGCAGACT.3 
TAGGCAGAAT TC'TmrCTCT TPAGGGGACA TCTGAGGCTT TmrTCTl'AA GGCCTPCAAC TGATTGGATG AAGCCCACCA CTATGGAGAG TAATCCACTT 
TACTCAAGGT CTACTGATITAT TmTGTAAAT T M A A A A M A  ACTGTGGGTG CATAGTATGT GTATATATIT ATGGGGTACA TGAGAGGTIT TGATPCAGGC 
ATGCAATGTG AAATMTCAC ATCATCAMA ATGAGGTATC CATCCerrCA AGCTFFI'ATC GlTTGTGlTA CAGACAATCC AATTATACTT " E G T T A T  
TPTAGlTTlT AAMGTA'I" GATTATITAT TPATPTATTT GA C TGCAGTGGCA TCTCGGC 
TCACTGCAAC CTCCGCCTCC CAGGTPCAAG CAATITPCCT GCCTCAVPCT CCTGAGTAGC TAGGACTACA GGCACCTGCC ACCACACCTG GCTAAl"T A l u  4 
lTvTATmrp AGTAGAGACG GGTITCATCA TGlTGGcCAG GCTAGTCTTG ATATCCTGAC CTCGTGATCT GCCCGCClTG OITTCCCAAA GTGCCGGGAT 
TACAGGTVPC AGCAACTGCG CCTGGCCTCT C'TTTpGufiA TTTAAMGTG TACMTTAAA TI'ATGATTAT TATTATTATT "XAGATGG A " I ' E T K  
TGXACCCAG GCTGGAVPGC AGTGGCGTGA TCTIYXCTPA CTGCAAACCT CCGCC"TG GGTPCAAGCA ATPATC'ITGC CTCGGG'TGTA CACTGCCACA A l U  5 
CACGGCTAAC TTATGTATIT TTAATAGAGA TAGGVrmrA C C A " W X  TAGM3TGupc TTGACCTCTT GACCTCMGT GATCCACTCA CITCAGCCTC 
CCAGAVIY;CT GGAATTACAG GCACGAGCCA CCACACCTGG CCCCAGTTAA ATTATTATI'G ACTATAGWA CCC'tGlTGTG CTATCAAATA GTXGTCPTA 

OCtamer SPl 

H e t V a l A r  g H e t V a l P r o  V a l L e u l e u S  erLeuLeuLe uLeuLeuGly  P r o A l a V a l P  roGlnGluAsn GlnAspG 

TTCATPCTIC 'ITITITITIT TmTITvpGA CAGAGTPGCC CAGGcTGWLA CAATC'ITGGC TCACTGCAAC CTCTGCCTCC CGGGCTTAAG 
C G A T X X C T  GCCTCAGCCT TC%"CGC TGGGACTACA GVrVPVPFCC ACCACGCCCG GCTAATITAT GTATI"AG TAGAGATGGG GTITCACCAT A l u  6 
GTPGGCCAGG C-GA ACTCCTGACC TC-C CACCTGCCTC AGCTPCCCAA AG'ICTPGOAA TTACAGGCAT GAGCCACCAC ACCTGGCCCC 
AGTTAAATTA TTATICACTG GAGTCACTTT GTPGTGTGCT ATCAMTAGT TITCTAACTA TITITITIY;T ACCCATTAAC CACCCTCCCA A'ITKCCCCC 
AACCCTGCCA CTACCC'TPCC CAGCCTFIGG TAACCATCCT TcpAc'II3TcT ATOTCCATOA A W A A T I G T  AGOGTCTACT GATITATAAAGG CTAATCACAT 
TTAGACACTC AGGAGCAAGA ATAATl'ITAG TAATTGMCT AGGATICTGC CATATGACCT CCAACATCAT TAGCACCTGT GTAAATETA TCATAAAATA 
ATPA- TATTA'IGGAA ATOTCCCXT CTCCCAGATC CCACCTETA CCAMATGCA AGGTACAACC CCGGGAATPC TOAGCTCCAT CCTAGTCTTA 
CC-A A T E A G W T G  GGWATITCT TGAATITPCT GGTAA"JTT CCTITCTACC CTI'ICTAACT ATATGTATITAT GTCAGGTTAA GCTAGAAGTG 
lTM- GATGGAGCCT TCCTPIGTCA CCTAGGCPGA Aol\icAGTGG CATGATCTCA GCTCACTGCA AOCITCGCCT CCCGGGTPCA 
TGCCATPCTC CToccTcAoc CTCCTGAGTA GCTGOOACTA CAGGCACCCG CCACCATGCT TGGCTAATFP TOTOAATICT TAGTAGAGAC G G X T E A C  A l U  7 
CATGTTAGCC AGGATGGTCT CGATcrcCTG ACCTCGTGAT CCACCCGCCT COGCCCCCTA AAOTGCTGGG ATTACAGGCG TWLGCCACTG AGCCCGGACG 

AAATGTTAAT TGAGACGGAG TCTCACWTG TCATCCAAGC TOGAGTGCAG TGGCATGATC T l W X Z m  GCAACCTCTG CCTCTClGGT 
TCAAGlGATT TTCCTGCCTC AGCCTCCAGC ATGACTOGOA TTAcAoOcCC GCACCACCAT GCCCAGCTM " S T A m  T r I T M T A G A  GATGoooT1T A l u  8 
CACCATvrpG GCCAGOCTGG TCTPCAACTC CTGATCTCAA G T M T C T X C  TGCCTPOGCC TCCCAMGTC CTGGGATPAC AGGCATGAGC CACGGAGCCC 
B A G A F A  m A A T I T C  TAACGCATGT CAGATPCCAT GCACACTGGG CMGGTICCA TICCTCCATG GGGTGACTCA GGGATCCAGG C C M T I l j c A T  
EiFsAGACTc 
AAAGACATCA 

TITCATATPA 
CTICTGCTCA 

TCCTOTGGCC 
C A W T C T T T  

TPCAAAGTCG 
TGACAAAACT 

TCACCWTAG 
CAGTCACA'lr, 

GGAlGAGAu 
G T C C M T A T  

C W A C  
ATCTPCGAGG 

AAGCCAGCTG 
TGWTSAGTA 

GTA" 
ATGTl'ATCTT 

GGACAAGAAG 
CCTATGTOTC 
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AAGCAGAGGA AATAATGTAG TGAAGACACA GGATGVrCTC TGAAATATCA TCTCAGGCAT GAAAGTAGAG CATATKACT TGAVPGAGCC TCCAVPGGTG 
TGAAGTIGAT GGCAGGAGAA AGAGClTiGGG AAGAAAAGGC CAG'KWAGG TCTCCCCPCC TAGCCCTATG CAGCCCCACA GTXGACCCT TGCATGGACC 

ly A r g T y r S e r L  euThrTyrI1 e T y r T h r G l y  L e u S e r L y s A  i s V a l G l u A s  p V a l P r o A l a  P h e G l n A l a L  
TCAACCATCA GAATCTITIC TmTGcAGGT CGTTACTCTC 'PWLCCTATAT CTACACTGGG CIGTCCMGC A'PVITGAAGA CGTCCCCGCG ! lTEAGWCC 

e u G l y S e r L e  uAsnAspLeu  G l n P h e P h e A  rgTyrAsnse r L y s A s p A r g  L y s S e r G l n P  r o H e t G l y L e  u T r p A r g G l n  Va lGluGlyM e t G l u A s p  
TPGGCPCACT CAATGACCTC CAG'ITCTI'IA GATACAACAG TAAAGACAGG AAGTCTCAGC CCATGGGACT CTGGAGACAG G'TGAAGGAA TGGAGGATIG E x o n  2 

p L y s G l n A s p  S e r G l n L e u G  1 n L y s A l a A r  g G l u A s p I l e  PheMetGluT  h r L e u L y s A s  p I l e V a l G l u  TyrTyrAsnA s p S e r A s n G  
GAAGCAGGAC AGCCAACTPC AGAAGGCCAG GGAGGACATC "TTA'NiGAGA CCCTGAAAGA CATCvrcl(iAG TATTACAACG ACAGTAACGG TCAGTGAATA 
ACAGACCACA GGGGTGGAAG GTCTAACCCA AGAGGCAGCC CCCCCAGlKiT GAGTGGCAAO GGATCAGCAG GATGGAAATA GTCCCAATCC CAGWSGAAGA 
ACAGGAGACA CAGCAGAMC ACAGACATGT CCACATCCCA CCCACCCCAC AGCACAGGTG CTCCCCGCTT CCCCATCAAT TGCCCCATCC TCATCCCAGG 
CCTCAGGTCA CACAGGAAGT GATGGCAGAG TCACTPCCTA TCCAGGCACC TATGACCTCT CACCTCCACA CCCCACCCAT CGGAGGCTGA TACCCCCGlG 
AGAAGGCATC AGACTCACCC CTGTCCAGGG AGGTPGCCTG GAGAGTGAGC CACPCTCAAA GTCACTCAGA CCPGGGCTCA CCnXTGGTT CTGCCAVICC 
TAGCTvrpGA CAGTGAAACG TPCCCAAAAT ATCPSGTFSA AA'pepGcAAA CATPGGAGCA CTGAGACCTA CCTCCAAACA AGTCWAAT ATITAACTAT 
GTCTGTPCTA TAAGGATGTC ACAGTCTGTC C'TGATCTCCC 'ITGcAGCl'CC ATCACCTAGC ACAGWTACA GCCAATATX GCTCAATPGA 
ATCCACAGAG AAAAGCACCC GGCACACACC GTAGCCCATG CTGGGGGCTC AGGAAGTGCT GGATICAAM CTG- TI'AGAGTPCC CTII;GAGcCC 
TAAAGTPCCT CCTTACCATA CGATGCAGAC CCAGGAAGGG CCACCTGCGC TATGGTCAGA GGAGCTGGTG GCAGAGCCCG TGCAGAGATG GTCCCTGTGC 
CCCCGGCCCA GTGCTCTITC TCCTAAACCA CACTGCCAGC CCCAAGGCAG CCAACCTCAG GTCTWPGAA CTGCPGGTVP TAAATTATCA TAGAGWGGT 
GTCAAAAGAT GGGCTACTAA GTACAAAAAT GCCCAAGGTG CTACA- TCTGIIAGATT TPCMAAGGA GGCAAGAAAG AGATAGGCAG ATWTKAAG 
GATWSGGGGT GGGGWLGUIT TMjGTAAGGA AAATGGCCCA GGCTWETGT CAGCAATAGG AGAGGAGGGG GcACujvrwL TCAGAAMGA CAcI.GGGGGA 
AGCATXATG GACAGGAATA WLAATGGCAA AGTGGATAAT TAAGAGGAAG GAGGATGAGG AGATGAACAC AGGGTATTAG AAAATAATAG AAu;cAGGGC 
TXGTGGCTC ACTC?TGTAA TCCCAGCACT TPGGGAGGCT GAGGCAGGCA GATCACCTAA GGTCAGGAGT TCGAGACCAG CCCGGCCAAC A'NiGTGAAAC 
CCTGTCTCTA CTAATAATAC AMAATAGCC TGGCATGGTG GCACACGTCT G'PXTCCAG CTACTCAGGA GGCTGAGCCA GGAGMTPGC ITG)rAcCCAG A l u  9 
GAGGCAGAGG TTACAG'IGAG CCAMATCCT ACCATPGCAC TACAGCCTGA VPGACAAGAG TGAAACGTPG TCTAAAAACA AAAAACAAAA AAAGGAMTA 
ATAGTAGCTG ACATITACTG AGCACTTACT TIGTGCCAGG CCCATCTATG AGCATATATA ATGCTCAGAA TAGCCCCCTA AAACAGTGCP CTEGCATX 
CCAl"KAGA GG'IGA- TAGAGGCACA GGWLGTEAG TGGCWCAGT TCAGGCAACA CACCAGGTGG GGvpGGuioG C- ACCTGGGACG 
TGAGCCCAGA CAGCTFSAGA GCTITCAGAG TCTATGCCAA CAGCACCAAC CAurcIcTGGG TAAACACCTG CTFPTATCAT CAGAACAAAG AGGCTGTGTC 
CCCTGCCCTA TGAGGTCCAT TTCTGAGAGT TVPGGCTAAT GGGCMGAAG GTPGGGGCTT TAGAGAlTIG GGATAMGAT ATCAAACACC AGAAAAVPAG 
AAAGAAGTGA XAGATl'AGG GTTACTTAGG TGATGATATG AACTCTPCCT AGAACTGAGA GAAAAAGAGA GCCTKCTFC ACTCATATGA AATCACAAAT 
AATITCTATC CAATIlGGAA GTACACTITG GTGTAGTIGT GACAGCTKC TCAGGACTCA GCATAAATPC AAACAMTAA TIGTCCTTAG AAGAGATGCP 
ATAGAAGAGA TAGAAATATA 'ITCATATKT GTAGCTITIT TmrrmGAG ATGGAGTI.rr WTCTIvrcA CCCAAGCTGG TGCAATCTCA 
GCTCACTGCA AACTmYjCCT CCTGGGTPCA AGGWLTPCTC CTGCCTCAGC CTCCCGATAA CTGGGACTAC AGGCTACAGG C A " C A C  TACPCCTGVP A l u  10 
T A A r m T m T  TmrmTmT AAGACPWGT C T I W T C T W  CTFKAGGCT GATGTACAAT GGCTCCATCT CGGC'KACTA CAACTICTGT CCCCCAGVIT 
CMGCGATPC TCCTGCCTCA GCCTCATGAG TAGCTGGGAT TACAGGCATG TGCCAGCACA CCCAGCAAAT T I T E T A T I T  TPAGTAGhGA TGAGGWTTA N U  11 
CCATGTTGGC CAGGCTGGTC TCMACTCCT GACCTCAGGT GATCCl'TIGG CCTCAGCCTC CCTAACTGCT GGWLTTACAG GCATGAGCCA CTGCGTCCAG 
CCTAATITTA TATmTIIjGT AGAGAT"S  TFITACCATA TPGGCCAGGC TGvrcTcGAA CPCATGACCT AAGGF3iTCC ATCCTCC'I'CA GCCTCTCAAA AlU 12 
GTGCTGGGAT TAC-TGTG AGCCACWGG CCTGGn;CTT T"TmT T" TPFEAGATA GGGTCTCACT CTVPCACCCA 
GGCTGAAATG CAGTAGTGTG ATmTGGcTC ATPGCAGCCT TGACTKCCA GGCTGAAGTG ATCCTCCCAC CTCAGCCTCC TGAGTAGCTG GGGCTACAGG M U  13 
CATGCACCAC CATGCTGCGC TAAT"TAT ATFITITGTA GTGGTGGWLT TlTGCCATAT CACCC'IYjGCT GGWnXAAC CCCTGGGCK: MGCGATCCA 
CTCGCTPCAG C"TCAAAG TGCTGGGATT ACAGGCATGA GCCACAGCGC CUIGGCPVPA GCTCTCTTM -T APCPCATCTG AGACAAACCT 
GAAATGCCAA ACCAAACTWI GTTAGCCCCT CTCTGTCTGT TGTATATATT GGAGTAATAA C C T A T m v r c  TEATAAAGG GATrG€ATGC TXAATPGCA 
AAAACCTITA l"KTmn;G GTPGCCCAAT GTGCAAGACT AAGAGTTATT m T A A A T T  TCTCACCAGG CTGACTGTCT CTCTWSGGGG TCGGGGWLGT 

lyse  r H i s V a l L e u  G l n G l y A r g P  h e G l y C y s G 1  u I l e G l u A s n  A s n A r g s e r s  e r G l y A l a P h  e T r p L y s T y r  TyrTyrAspG 1 y L y s A s p T y  
TFKAGGGTC TCACGTATIG CAGGGAAGGT TMjGTIy;TwL GATCGAGAAT AACAGAAGCA GCGGAGCATT CTGGAAATAT TACTATGATG GAAAGGACTA 

r I l e G l u P h e  A s n L y s G l u I  1 e P r o A l a T r  p V a l P r o P h e  A s p P r o A l a A  l a G l n I l e T h  r L y s G l n L y s  T r p G l u A l a G  1 u P r o V a l T y  r V a l G l n A r g  
CATIGAATIC AACAAAGAAA TCCCAGCC'IG GGWCCCTIT GACCCAGCAG CCCAGATAAC CAAGCAGAAG TGGOAOGCAG AACCAGTTA CGTGCAGCGG E x o n  3 

A l a L y s A l a T  y r L e u G l u G l  u G l u C y s P r o  A l a T h r L e u A  r g L y s T y r L e  u L y s T y r s e r  L y s A s n I l e L  e u A s p A r g G 1  nA 
GCCAAGGCTT ACCTGGAGGA GGAGTGCCCT GCGACTCTGC GGAAATACCT GAAATACAGC AAAAATATCC TGGACCGGCA AGGTACTCAC TGCTPCCTGC 
TCCCCAGTAC TGAGCCCAGA ATAAAAGACG ATCTCAGGCT AGGAGCEAG GCAACATCTT AG'TCCGGTCT CATCTGTPCC TGGATGTCCC TCAGACCCCC 
AGC'JYIXATC TFFJ?AGGATT TATKCTICC CTGGGATAAT ATAATITGTG VPCCAAAAAG AKATCATCA AAATITCAGG CAGAAPXGC CAGGAAGG€C 
A'ITCTITCTT GATGAGTGTC CCCAAATCAT CTCCAATTAA CAGACAAGGA GCTEAGVIT AGGGAGGTGA GGGTAACACT GTCTGTAAGA GGCAGAGCTG 
GGACTCAAAT TCCAGATITC AGATICCAAA TCCCATCGTT TFFJ?A"KT ACAATGATGC CTCCCATC'IG G G W  AGAAGGGAGG CGTGTAAAAT 
GTCAGCCCCA GAAGGACAAG AGCAAGCCAG TOTGAGCGGA ATFSATGGCT GCAAGCTGAG ACTX4iATIG GAGACGTAGT GAGACTCAGG ATETGCAGT 
GTCTGCAGGG AAGTGGTPGC TGGATAGAGG CATGGGCTGA ACCAAGCAGC TGGACTGAGA CTGGOGGACA GAACTCCAAA GCCCACTGAG ATOTGGGAAA 
ACATGGAGAA GCACACGGAG CA'ITCACAAC TI'ATIWCGT CAGAGTCAAT ACATGOVPGA GGlEGGGA!lT GGGCAAGAGG WLAAGCVPCA GCCTPCCCTG 
ATATICTGGA AAGTCTCCCG GGGCTGGGGG TGGGCAGGTA CAGAGCTKG AGCTCTGCTG ATCGCTGACA TCCAGGGGTG GGGGTAGGAA GAGACCTGGG 

spProPros e r V a l V a l V a  1 T h r S e r H i s  G l n A l a P r f f i  1 y G l u L y s L y  
CCGGGAGAAG TCCACCTCAA GCCTGCAGTG TCACACTCTA TCCCTCCACA GATCCTCCCT CTG'NiGTGGT CACCAGCCAC CAGGCCCCAG GAGAAAAGAA 

S L y s L e u L y s  C y s L e u A l a T  y r A s p P h e T y  r P r f f i l y L y s  I l e A s p V a l H  isTrpT?mAr g A l a G l y G l u  V a l G l n G l u P  r f f i l u L e u A r  g G l y A s p V a 1  
GAAACTGAAG TGCCTGGCCT ACGAC'ITCTA CCCAGGGAAA ATIGATGTGC ACTGCXACTCG GGCCGGCGAG GTGCAGGAGC CTGAGTTACG GGGAGAlWT 

L e u H i s A s n G  l y A s n G 1 y T h  r T y r G l n s e r  T r p V a l V a l V  a l A l a V a l P r  oPrffilnAsp T h r A l a P r u T  y r S e r C y s H i  s V a l G l n H i s  S e r S e r L e u A  
CTPCACAATG GAAATGOCAC TTACCAG'TCC TGGGTGGTGG TGGCAGWC CCCGCAGGAC ACAGCCCCCT ACTCCTGCCA CGTGCAGCAC AGCAGCCTGG E x o n  4 

l a G l n P r o L e  u V a l V a l P r o  T r p G l u A l a S  erEND 
CCCAGCCCCT CGTGGTGCCC TGGGAGGCCA GCTAGGAAGC AAGGG!lTXA GGCAATGW GATCTCAGAC CCAGTAGCTG CCCTPCCTGC CTGATGTGGG 
AGCTGAACCA CAGAAATCAC AGTCAATGGA TCCACAAGGC CTGAGGAGCA GTGTOGGGGG ACAGACAGGA GGTGGA'IT1T; GAGACCGAAG ACTOGOATGC 
CTGTCTTGAG TAGACTIGGA CCCAAAAAAT CATCTCACCT TGAGCCCACC CCCACCCCAT TGTCTAATCT GTAGAAGCTA ATAFATAATC ATCCCTCCTT 

GCCTAGCATA ACAGAGAATC CTITI??TIIA CGGTGATGCG CTGTAOAAAT GTGACTAGAT TI ' ICTCATE GTICTGCCCT CAAGCACTGA ATPC 
+9306 

FIGURE 3: Nucleotide sequence of the human Zn-cuz-glycoprotein gene. The transcription starting site determined by primer extension (Figure 
4) is designated as nucleotide 1. The exons for the protein-coding region are translated into amino acids. Possible transcription-regulating 
sequences (TATA box, CAT box, an octamer motif, and three Spl-binding sites) and 13 A h  repeats are underlined. Exon 1 of pseudogene 
1 is doubly underlined. 

Biochemical Corp. (Cleveland, OH). The subcloning was 
intended for sequencing on both strands everywhere. Se- 
quencing reactions with [a-32P]dCTP were carried out 
essentially according to the sequencing manual provided by 
the company. The reaction mixtures were applied usually 
three times at 2-h intervals to 7% polyacrylamide sequencing 
gels prepared in 0.5X TBE buffer and run at 40 W for a total 
of 6 h. The gel was then dried and exposed overnight to X-ray 
film (RX, Fuji Photo Film Co. Ltd., Minamiashigara, Japan). 
The DNA sequence data were analyzed with the program 

GENETYX (Software Development Co. Ltd., Tokyo, Japan) 
by Dr. H. Mori at the Institute for Virus Research of Kyoto 
University. 

Primer Extension Analysis. Poly(A) RNA was purified 
with oligo(dT)+ellulose (P-L Pharmacia, Upsala, Sweden) 
from total RNA of a human liver specimen according to the 
method in Molecular Cloning: A laboratory manual (Sam- 
brook et al., 1989). The nucleotide sequence of the synthesized 
DNA primer was 5'-CATCTTGGTTCTCCTGGGGG-3'. 
The DNA (1.84 pg) was labeled with [ Y ~ ~ P ] A T P  and 
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polynucleotide kinase (Toyobo) at 37 OC for 1 h. The labeled 
primer was precipitated with ethanol three times, dried, and 
dissolved in 10 pL of distilled water. The human liver poly- 
(A) RNA (10 pg) was annealed with the labeled primer (8 
pL) in 10 mM Tris-HC1 (pH 8.3) buffer containing 1 mM 
EDTA and 0.25 M KCl by decreasing the temperature of the 
mixture from 60 to 42 OC gradually (1.5 h). The primer- 
extension reaction was carried out in 20 mM Tris-HC1 buffer 
(pH 8.3) containing 75 mM KCl, 10 mM MgC12, 10 mM 
dithiothreitol, 0.25 mM EDTA, 250 pM each of dNTPs, 100 
pg/mL actinomycin D, 200 units of RNasin (Takara), and 
20 units of AMV reverse transcriptase (Takara) at 42 OC for 
1 h. The products were precipitated with ethanol three times, 
dried, dissolved in 90% formamide containing 0.5X TBE and 
dye (bromophenol blue and xylene cyanol), heat-denatured, 
and loaded onto a sequencing gel. The size marker was the 
sequence ladder for the subclone R39, which contains the 
603-bp PvuII fragment derived from the EcoRI c fragment 
(Figures 1 and 2), when the same primer as above was used. 

Southern Blot Analysis of Human DNA. High molecular 
weight DNA isolated from human peripheral blood leukocytes 
was digested with EcoRI, EcoRI + BamHI, BamHI, BamHI 
+ PstI, PstI, or PstI + EcoRI ( 5  pg of each); separated on 
a 0.7% agarose gel; and blotted to nitrocellulose filter 
(Southern, 1975). The hybridization probe was the 435-bp 
EcoRI fragment of the human cDNA for Zn-a2-glycoprotein. 
The probe corresponds to the region from the 5’-end to the 
126th amino acid (Glu) and can detect exons 1, 2, and 3. 

Fluorescence in Situ Hybridization. High-resolution R- 
banded chromosomes were made from human peripheral 
lymphocytes, which had been cultured in the presence of 
phytohemagglutinin for 72 h, synchronized with excess 
thymidine (25 pg/mL for 2 h), and then labeled with BrdU 
by the method of Viegas-PQuignot and Dutrillaux (1978). 
Phage DNA (ZG29 or ZG1, 0.5 pg) was labeled by nick 
translation using biotin- 16-dUTP according to the directions 
of the supplier (Boehringer Mannheim, Germany), hybridized 
with sonicated total human DNA (50 pg) at 37 OC for 4 h 
to suppress signals due to repetitive sequences, and then used 
as a probe. I n  situ hybridization and rinsing was carried out 
according to the protocol of Takahashi et al. (1990). The 
hybridized signals amplified with avidin-FITC conjugate 
(Boehringer Mannheim) were detected under an epifluores- 
cence microscope (Olympus, Tokyo, Japan) with an E0530 
filter. Fujichrome film (Fuji; ASA 400) was used for 
photomicrography. 

RESULTS AND DISCUSSION 

Screening of Human Genomic Library. A total of 8 X 1 O5 
plaques were screened for the human Zn-cx2-glycoprotein gene, 
and 59 positive clones were obtained. Their DNA was isolated 
and subjected to EcoRI digestion, electrophoresis, and blotting 
(Southern, 1975). The electrophoretic pattern led to the 
classification of the phages into six groups, representatives of 
which, ZGl,ZG2,ZG3,ZGlO, ZG12, and ZG29, were picked 
up. ZG1 and -2 and ZGlO and -12 had overlapping inserts. 
In order to analyze these phages in detail, three hybridization 
probes, N, M, and C, were prepared from the 5’-region, the 
middle region, and the 3’-region respectively, of the cDNA 
for human Zn-cx2-glycoprotein. ZG1, and ZG2, and ZG29 
were hybridized only with N probe; ZG3 and ZG10, only 
with C probe; and ZG12, with all three probes. More detailed 
analysis showed that four of them (ZG3, -10, -12, and -29) 
were overlapped clones. The results are summarized in Figure 
1, which shows two genes linked in a head-to-head orientation. 

P A C G T P  
zaw 

FIGURE 4: Primer extension analysis. Poly(A) RNA isolated from 
human liver was annealed with 32P-labeled primer DNA (5’- 
CATCTTGGTTCTCCTGGGGG-3’) and reverse-transcribed. The 
product was loaded onto a sequencing gel (lane P). A, C, G, and T 
are the sequence ladder for the subclone R39, the insert of which is 
the 603-bp PvuII gene fragment covering exon 1, when the same 
primer as above was used. 

The right-hand one is the functional gene, and the left-hand 
one is a pseudogene (pseudogene 1). ZG1 and -2 were also 
later found to be clones for a different pseudogene (pseudogene 
2); it has a nucleotide deletion in the coding region for the 
36th and 37th amino acids resulting in a frameshift. However, 
we do not refer to this pseudogene here in detail, because its 
3rd and 4th exons have not been cloned yet. 

Nucleotide Sequence of the Gene for Human Zn-cx? 
glycoprotein. The precise structure of the gene for human 
Zn-a2-glycoprotein and the sequencing strategy are shown in 
Figure 2. The sequence analysis was performed 100% on 
both strands. The entire nucleotide sequence for the functional 
gene is shown in Figure 3. The results of primer extension 
analysis (Figure 4) indicated that the transcription starting 
site is A, 11 nucleotides upstream from the initiation codon 
ATG, which is designated as nucleotide 1 in Figure 3. The 
ATG codon is 9 nucleotides upstream from the putative 
initiation codon in the previous report (Ueyama et al., 1991), 
indicating that the signal peptide consists of 20 amino acids, 
not 17. The gene size from the cap site to the poly(A) addition 
site is 9306 bp. Freije et al. (1 99 1) also reported the nucleotide 
sequence of cDNA of human Zn-a2-glycoprotein from breast 
tissues, but the 5’-region (about 35 nucleotides) of the cDNA 
is not found in the gene. The discrepancy must result from 
an artifact in their cDNA cloning. 

The gene consists of four exons and three introns. The first 
exon (exon 1) is for the region from the cap site to the 6th 
amino acid (Gly); the second exon (exon 2), for the region 
from the 6th to the 93rd amino acid (Gly); the third exon 
(exon 3), for the region from the 93rd to the 185th amino acid 
(Asp); and the fourth exon (exon 4), for the region from the 
185th amino acid to the end of the mRNA. 

The nucleotide sequence of the exons is identical to the one 
reported for the cDNA (Ueyama et al., 1991) except for two 
positions: nucleotide 16 in the signal sequence coding region 
is T to give a codon for Val (C to give Ala in the cDNA), and 
the codon for the 84th amino acid is ATC (still for Ile, as in 
ATT in the cDNA). We must emphasize the fact here that 
human Zn-a2-glycoprotein is composed of 278, not 276, amino 
acids, because we preserved the amino acid numbering 
proposed by Araki et al. (1 988) in the previous report (Ueyama 
et al., 1991) in order to correct their data; two amino acids 
(Ile-Phe) must be inserted between the 75th (Asp) and 76th 
(Met) amino acids. Moreover, the protein in human seminal 
plasma is composed of 277 amino acids, because it lacks the 
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a -603 G C T C ~ C A ~ G G A ' I G C ~ A ~ c A W A ~ T P C c A C A W ~ ~ ~  
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-4 1 4  5 G C T C G T P C P A T P G C C A O O W L G G C T G C A A A A G G A G O A T G C  

G A G A ' L W G A A " 2 A C K " K C A G A C A C A G C C ' I C F X C A G G A W G G A ~ C C A C C C C ~ A C C C A ~ C A ~  

G A G A T G G G A A T G G G A A T O T C C T C C A G A C - - A G C - T C W A G G A ~ A ~ A ~ A ~ C C A C C C C A G C ~ T A C C C A ~ T C C ~  

~ C A ~ ~ ~ T A C ~ C ~ A C A C ~ ' I G C C C ~ ~ C C ~ A C M T A G A ~  

-CAGAGGGTGTCATAATAGACTGGAA T P G G A C A T G T C A ~ A ~ ~ a ~ M C A C C C M ~ C C C  ------- 
~ A C A C A T C C C A G O C O C A C C C A T C A C A C O C A C  

GGGCGACACATCCCAGGCACCTGCCACCCATCACACACACCPCCC~CACWATCC~CCCAGGCACACAC~~CTCaTCCAGAGATCAA 

C T C T G G A C T C A G C r r  A T A T C C ~ A G A T P C  A~ A T P C  

CT- - - G T C T C A G C W T C T G ~ T ~ T C ~ T C A C A A C C ~ C C A ~ C P G G C ~ T G C A T A C T P C ~ - A C T G X ~  

GGAGGAGCCCOTCCPGGCACTCCCAlTXCClWl'AGATlVACCTCCC~AGGGCCCCAGGACCCAGGATAATATCTWRXCTC~CCAGMCCC 

GGAGGAGCCCGOCCTGOTACTCCCATIGWClWl'AGATPCACCPCCCC~AWCCCAGGACCCA~TMTAC~' IGCCTCmCCAGAACCT 

TCC M G C A G A C A C A C ~ C ' I G C ~ ~ ~ ~ T G T C C C C C ~ A G M C C M G A ~  GTGAGT 

TCC AAGCAGACACAAlGGTAAGMTXTGTCTGXClGCTGTCTCTGClECPXTE~TCCTGCmCTCCAGGAGACCCGAGATG GTOAGT 
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GGGAAGGCAGGTIGWTTAGAA'XAAACCCG'IGCCCTCACCCCACACTCAGACACCACTGCAG -5301 

b 3967 A T G C A G C C C C A C A G I - - C C l " X A T G G A C C T C A A C C A T C A G A A T C T P I T C ~ A G  G'ICGlTACTCTCTGACCTATATCTACACXGGCTG 
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T O G G A O C A l G G A G A C A ' I G C ~ ~ T ~ ~ C ~ G A A G C A G A G C C A A G T P C ~ G G C C ~ A G G A C A ~ A l G G A G A C C C ~ C M C A T  

CG'RXAGTATFACAACGACAGTAACG GTCWrO-I\ATAACAGACCACCAGGGGTOGMOGTCTMCCAAGAC%X!AGCCCCCCCAGTG"SAGWGCAAGG 
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CAlGGAGTATFACAACGACGGTAACG GTCAGTGAACMCAGACCGCWGGGTGGAAGGXTMCCCAAGAGGCAGCCCCCCAGGWAGWGCAAGG 

G A T C A G C A G G A ~ T ~ C C M T C C C A ~ ~ ~ A C A G C ~ A C A G A C A ~ T C C A C A T C C ~ C C C A C C C C A C A G C A C A ~  

~ A G C A G G A l G G ~ T A V P C C C A A T C C C ~ C A G G A ~ C A ~ ~ ~ C A C A G A C A T G T C C ~ A T C C C A C C C C C C C C A C A G C A C A ~ T G T  

TCCCCGCTICCCCATCM!FIGC!CCCATCC~WCCAGGCCTCA~ACACAGGAAGWTGGCAGAVPC 4531 

T G T C C C C T P C C C C A T C G C C C A T C C T C A T C C C A G G W E ~ T C A C A C ~ ~ A W ~ A G T C  
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- .  - 

c 7484 ~ A T G C T P G M T ~ O C A A A A A C ~ A ~ ~ C C M ~ M ~ T M ~ ~ A ~ T ~ ~ ~ ~ C A ~ C ~ ~ ~ T  
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G C A T G C ~ A G A l " X A C ~ C T C C T A ~ A ~ ~ ~ T ~ T F A T P C f f i - -  ----TIGGCACTAGGC?GACTGGCTKCT 

GTXXGGTCGGGGGAGTPITCAG G G T C T C A C O T A T P G C A ~ M ~ G A W G ~ T A A C a M G C A G C ~ A ~ M A T A T F A  

GTGGGGTCAGGGGAGGTTPCAG G G T C ~ A T G C C C A G M T A A C A G M G C A C T G G A G C A ~ G A A T G C  

C T A T O A T G O A A A G G A C T A C A ~ T P C W ~ ~ T C C C A G C ~ C C ~ ~ C C ~ G C A G C C C ~ ~ A A C C ~ ~ ~  

C T A T G A ~ G G A C T A C A T P G A A m A A C A A A G l U A T C C C  

C C A V P C T A C O T O C A G C G G G C C M ~ A C ~ ~ ~ T G C C ~ G ~ ~ G G ~ T A C C ~ T A C A G C ~ T A T C C ~ A C C G G C M G  

CCAGTCTACGTGCAGCGGGCCMGGCTFACCTGGAGGA~CCrGCAAC!LT'IGCGGAAATACClYXAATACAGC~TATCC~ACCGOCAAG 

GTACPCAC'IGCTPCCCCCAGTAClW4GCCCAGAATM--AAGACGATC!TCAWTAGGAGCW 7947 

G T A C T C A C T G C T r C C T G C T A T C C A G T G C T M ~ ~ ~ C ~ T C T C A G O C ~ ~ T C  
I I I I I I I I I I I I I I I I I I I  I I I I I  I I  I l l  I l l  I 1  I l l  I I I I I I I I I I I  I I I I I I I  
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d 864 9 GA~TCGCTGACATCCAGGGG~;GGGGTAGG 
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ACCCCCCGCC--ATn;n=TAATCTGTGGAAACTAATAAATAAKA~lTEXAAGC ACGACAGCGAACAG---TA!PFAACmTA?iAAmTAT 

A G A A A T G n ; A C T A G A ~ A ~ ~ ~ C ~ A A ~ A ~ A A ~  9 3 9 3 

A G A A A m T G A T G T G A ~ T C A ~ T C C ~ ~ C C C A  
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FIGURE 5: Comparison of nucleotide sequence between the functional gene for Zn-cr2-glycoprotein and pseudogene 1. Identical bases are 
indicated with vertical bars; the upper rows are the functional gene, and the lower rows are pseudogene 1. The numbers correspond to those 
in Figure 3. The regions between two-base blanks are the exons; sequences a, b, c, and d are around exons 1,2, 3, and 4, respectively. From 
the one-base blank downstream to the two-base blank in d is the 3'-untranslated region. 
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FIGURE 6: Southern blot of human genomic DNA. High molecular 
weight human DNA was digested with EcoRI ( l ) ,  EcoRI + BumHI 
(2), BamHI (3), BumHI + PstI (4), PstI (9, or PstI + EcoRI (6); 
separated by electrophoresis; and blotted onto nitrocellulose filter. 
The hybridization probe was the 435-bp EcoRI fragment derived 
from the cDNA for human Zn-a2-glycoprotein. The probe corre- 
sponds to the region from the 5'-end to the 126th amino acid and can 
detect exons 1, 2, and 3. The standard is X phage DNA cut with 
HindIII. 

N-terminal amino acid (Gln or pyroglutamic acid) (Ohkubo 
et al., 1990). 

Zn-cu2-glycoprotein was reported to resemble MHC class 
I a chains in terms of amino acid sequence and domain 
structure (Araki et al., 1988). Zn-cx2-glycoprotein has 36- 
39% homology in amino acid sequence with MHC class I a 
chains (Araki et al., 1988). The N-terminal domain of MHC 
class I a chains ( a l ,  up to the 90th amino acid) and that of 
Zn-a2-glycoprotein (domain A, from the 6th to the 92nd amino 
acid) are both devoid of cysteine residues. In contrast, the 
other domains of MHC class I a chains, a 2  (from the 91st 
to the 182nd amino acid) and a 3  (from the 183rd to the 274th 
amino acid), and of Zn-a2-gIycoprotein, B (from the 93rd to 
the 185th amino acid) and C (from the 186th to the 278th 
amino acid), have two cysteine residues each to make disulfide 
bonds within themselves. In the case of MHC class I a chains, 
each of these three extracellular domains, al, a2, and a3, is 
precisely encoded by a separate exon (Malissen et al., 1982). 

Table I: DNA Fragments Detectable by Southern Bloto 
restriction endonucleases 

EcoRI + BamHI + PstI + 
genes EcoRI BamHI BamHI PstI PstI EcoRI 

functional 
3.1 3.1 exon 1 

exons 2 and 3 4.6 4.1 
pseudogene 1 

exon 1 2.2 2.2 
2.4 2.2 exon 2 

0.7 0.7 

2.2 2.2 
>4.0 >3.8 

exon 3 
pseudogene 2 

exon 1 
exon 2 

>10 2.0 2.0 2.0 
5.5 4.8 7.8 4.6 

>10 1.1 1.1 1.1 
5.0 0.8 0.8 0.8 

0.1 0.1 0.1 
5.0 2.0 2.0 0.7 

2.7 1.1 1.1 1 .1  
>3.8 1.1 1.1 1.1 

0.2 0.5 0.5 

a The hybridization probe was the 435-bp EcoRI fragment derived 
from the cDNA for Zn-a2-glycoprotein, which can detect exons 1,2, and 
3. The sizes of the DNA fragments are in kb. The third exon of 
pseudogene 2 is not cloned yet. 

Zn-a2-glycoprotein is similar to MHC in this respect; each of 
the three domains, A, B and C, is encoded by a separate exon. 
However, exon 4 of MHC Class I a chain genes corresponds 
to domain a 3  only, while exon 4 of the Zn-a2-glycoprotein 
gene corresponds to both domain C and the 3'-untranslated 
region. In the MHC class I a chain genes, the 3'-untranslated 
region is encoded by exon 8 together with the cytoplasmic 
domain 3. It was plausible that domain C and the 3'- 
untranslated region are encoded by a separate exon in the 
Zn-a2-glycoprotein gene, but this is not the case. Zn-a2- 
glycoprotein is demonstrated here not to be an alternatively 
processed product of a gene whose exon-intron structure is 
the same as that of MHC class I a chain genes. However, 
this does not exclude the membership of Zn-a2-glycoprotein 
in the immunoglobulin gene superfamily (Hunkapiller & 
Hood, 1986). At the nucleotide level, the protein-coding region 
of the Zn-ar2-glycoprotein gene (the region from the 6th to the 
278th amino acid) has 52.8% homology with the consensus 
nucleotide sequence of cDNA (from the 1st (Gly) to the 278th 
(Ser) amino acid) proposed for HLA-A and -B by Ennis et 
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r - 1  

FIGURE 7: Chromosomal localization of the ZA2G gene by fluorescence in situ hybridization. Arrows indicate fluorescent signals for the 
ZA2G gene on both chromatids at band 7q22.1. 

al. (1990). There is no significant homology between these 
two genes in the first exon or in the 3’-untranslated region. 

Ten copies of A h  repetitive DNA were identified in the 
introns, and these comprise about 30% of the gene. There are 
three more copies of A h  sequence in the 5’-flanking region, 
but they are all incomplete. Including these A h  repeats, we 
designated the most upstream one as A h  1. It has been 
reported that A h  repeats are dispersed throughout the human 
genome with over 500 000 copies (Schmid & Jelinek, 1982), 
indicating that the repeat is found every 3-5 kb of the genome. 
Therefore, the presence of 10 repeats of A h  DNA within the 
human Zn-a2-glycoprotein gene of 9.3-kb size is considered 
to be frequent. Such a high content of A h  repeats has been 
found in few genes, such as the genes for human prothrombin 
(40%; Degen & Davie, 1987) and glucose-6-phosphate 
dehydrogenase (24%; Chen et al., 1991). All of the Alu repeats 
inside the gene belong to the S subfamily except for A h  13, 
which belongs to the J subfamily, the oldest class of A h  repeat 
(Jurka & Smith, 1988; Britten et al., 1988). Two monomer 
A h  repeats, A h  10 (right monomer) and Alu 12 (left 
monomer), are considered to have been originally a complete 
dimer but to have become interrupted by A h  11 in the linker 
sequence (TAATTTT) sometime during the evolution. The 
A h  10-Ah 13 cluster is flanked by direct repeats, but A h  
10 and Alu 13 themselves are not flanked by such repeats, as 
follows: TGTAGCT - T tail-Ah 10-linker-T tail-Ah 1 1- 
linker-Ah 12-T tail-Alu 13 - TGTAGCT. If the presence 
of A h  repeats in tandem is simply due to independent insertion 
of different A h  copies as suggested by Chen et al. (1 99 l) ,  the 
most plausible order of their insertion into the gene is first 
A h  13, then A h  10 and A h  12 as a complete dimer into the 
T tail, and finally Alu 11 into the linker between A h  10 and 
A h  12. In addition to this insertion model, we must consider 
another mechanism, i.e., duplication or unequal crossover of 
an inserted A h  repeat. Since A h  13 belongs to a different 

subfamily (J) from A h  repeats 10-12 (all S), the presence 
of A h  repeats in tandem is not ascribed solely to the second 
mechanism. Studies of corresponding genes in other primates 
should be helpful to know how the A h  cluster arose. 

In the 5’-flanking region of the gene, TATA and CAT boxes 
are found; the TATA box (TAATAT) is 26 nucleotides 
upstream from the cap site, and the CAT box in inverted 
orientation (ATTGG) is 75 nucleotides upstream from the 
cap site (Figure 3). In addition to these, an octamer sequence 
(ATTTGCAT, at nucleotide -178) and three possible Spl- 
binding sites (at nucleotides -47, -97, and -130), which may 
be needed for a basal level of transcription of this protein, 
were found. Since the 5’-flanking region is abruptly inter- 
rupted by an incomplete Alu repeat, Alu 3, unequal crossover 
of chromosome 7 around the gene (Ueyama et al., 199 1) may 
have involved this AZu sequence, which is not present in the 
5’-region of pseudogene 1. Hence, regulatory elements for 
the transcription of this gene are considered to reside in the 
region between the terminus of A h  3 and the cap site (601 
nucleotides). 

Comparison of Nucleotide Sequence between the Functional 
Gene and Pseudogene I .  The nucleotide sequence of pseudo- 
gene 1 contained in ZG 10 and ZG12 was also determined for 
the exons and their adjacent introns. We concluded that the 
gene is nonfunctional, because the codons for the 134th and 
148th amino acids are both TAG (stop codon), not TGG for 
Trp as in the functional counterpart. However, the difference 
in nucleotide sequence between the two genes is very small 
(Figure 5 ) .  It is 10% ( 8 8 / 8 8 5 )  in the amino acid coding 
region, 9% (25/275) in the 3’-untranslated region, and also 
9% (96/1080) in the introns adjacent to the exons so far 
sequenced. The same degree of difference among these regions 
suggests that the divergence began immediately after the 
duplication of the gene. There is no insertion or deletion of 
nucleotides to cause a frameshift in the protein-coding region. 
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The poly(A) addition (AATAAA) and splicing (GT-AG) 
signals are also conserved in the pseudogene. These obser- 
vations suggest that the duplication of the gene occurred quite 
recently in evolution. If we employ the rate of evolution 
estimated by Hayashida and Miyata (1983) (5.3 X l t 9 /  
site/year), the 9% difference (9.6% corrected difference for 
multiple substitutions) means the divergence started 18 million 
years ago. Since the divergence date of the orangutan lineage 
and the lineage to man is believed to be 13 million years ago 
(Raza et al., 1983), comparison of this type of pseudogenes 
for Zn-a2-glycoprotein among primates may be of interest. 

Southern Blot of Human DNA. In the previous report 
(Ueyama et al., 1991), we suggested from a simple pattern 
of the genomic Southern blot that the gene for Zn-a2- 
glycoprotein is a single copy in the human genome, but we 
have already found two pseudogenes. Southern blot analysis 
was therefore performed again with another probe. This time 
we used the 435-bp EcoRI fragment of the cDNA, which 
corresponds to exons 1,  2, and 3 and was expected to detect 
the fragments listed in Table I. The results shown in Figure 
6 are consistent with the prediction, suggesting that in humans 
there are only three genes for Zn-a2-glycoprotein, which we 
have cloned. 

Chromosomal Mapping of the Human Zn-arglycoprotein 
Gene (ZA2G). Using a panel of rodent-human somatic cell 
hybrids, the Zn-a2-glycoprotein gene was assigned to human 
chromosome 7 (Ueyama et al., 1991). In this study regional 
assignment of the gene was carried out by fluorescence in situ 
hybridization. Among the typical R-banded chromosomes 
wescreened (50 metaphase preparations), 38% had fluorescent 
signals symmetrically on both chromatids at  7q22.1 (Figure 
7), and 42% had one signal at  the same band on either 
chromatid. Thus, the ZA2G gene was assigned to the 7q22.1 
band of the human karyotype. The same results were obtained 
when ZG1 phage DNA was used as a probe, suggesting that 
pseudogene 2 is also closely linked to the functional gene on 
the chromosome. 

We report here the entire nucleotide sequence of the gene 
for human Zn-ar2-glycoprotein. The physiological role@) of 
this protein is (are) not known yet, but its resemblance to 
MHC antigens (Araki et al., 1988) and its possible function 
as a carrier protein of nephritogenic glycoprotein (Shibata & 
Miura, 1982) suggest a role in the immune response. The 
nucleotide sequence data we present here will be useful when 
disorders closely related to abnormalities of this protein are 
found and for analyses of the control mechanisms of exocrine 
gland specific transcription and also of the microheterogeneity 
of this protein (Nakayashiki & Katsura, 1989; Ding et al., 
1990). 
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